Abstract. On the basis of numerical simulations of the partial McAllister-Noble-Tsien equations quantitatively describing the dynamics of electrical processes in conductive cardiac Purkinje fibers we reveal unusual -soliton-like -regimes of interaction of nonlinear excitation pulses governing the heart contraction rhythm: reflection of colliding pulses instead of their annihilation. The phenomenological mechanism of the reflection effects is that in a narrow (but finite) range of the system parameters the traveling pulse presents a doublet consisting of a high-amplitude leader followed by a low-amplitude subthreshold wave. Upon collisions of pulses the leaders are annihilated, but subthreshold waves summarize becoming superthreshold and initiating two novel echo-pulses traveling in opposite directions. The phenomenon revealed presents an analogy to the effect of reflection of colliding nerve pulses, predicted recently, and can be of use in getting insight into the mechanisms of heart rhythm disturbances.
Introduction
Nonlinear wave processes lying at the basis of information transmission and control in biological systems attract broad interest of investigators. One of the organs whose normal functioning is essentially connected with processes of this kind is the heart. Rhythmic contractions of muscular walls of the heart chambers (atria and ventricles) are initiated by nonlinear excitation waves -pulses of electrical recharge of heart cell membranes [1] . These waves (in many respects analogous to nerve pulses [2] and belonging to the class of autowaves [3] ) are periodically emitted by the sino-atrial node -a local claster of self-generating cells in the right atrium -and from here propagating through the heart muscular tissue according to the following circuit (see detail in any textbook on general physiology): (1)
Fibers of the His' bundle and Purkinje fibers named here are specialized cable-like conductive structures, through which excitation pulses travel from atria to ventricles. Directed propagation of pulses along the pathway presented at the circuit (1) leads to correct alternations of the heart chambers contractions (first atria muscles contract, then ventricle muscles); respectively, any disturbances of this propagation disorder the consistent regime of contractions and lead to pathologies. The well-known property of excitation pulses defining specificity of the heart performance (as well as performance of the nervous system) is that these pulses decay (are not reflected, but annihilated) upon collisions to each other and impermeable bounds of the excitable medium. Let's briefly remind of the mechanism of this phenomenon. The front of a traveling excitation pulse electrically recharging the membrane of cardiac cells is always followed by a refractory zone where reverse recharge and recovery of the membrane subsystems to the initial resting state occurs [1, 2] . In the refractory zone cell membranes are temporarily unexcitable, and this prevents passage through of two counter-propagating pulses, as well as emergence of reflected echo-waves.
The annihilation of colliding pulses plays a fundamental role in living organisms. For the heart, this effect is one of the facts providing stability of the directed propagation of electric excitation pulses along the pathway (1). If the pulses at any stretch of the pathway were not annihilated but reflected, then the directed flow of electric signals on this stretch would loose the stability: collision of any pulse of the flow with a single sporadic oncoming pulse would lead to a cascade of re-reflections disordering the flow.
Indeed, development of certain cardiac arrhythmias is associated namely with pulse reflection, and respective phenomena are intensively investigated. However, until recently all attempts were concerned with the mechanisms of reflection of traveling pulses at interactions with geometrical and/or functional heterogeneities of the excitable medium: a bit of experimental [4] [5] as well as theoretical [6] [7] [8] work was done in this direction. As for the effects of reflection of excitation pulses after their collisions to each other and impermeable obstacles, the opinion that such effects are not feasible has until recently been challenged by no-one -in view of the quantitative argumentation based on the existence of the refractory zones. Moreover, the property of autowaves to decay at collisions is so universal (namely in this way behave combustion waves, concentration waves in chemical active media, etc.), that it has been long considered as a characteristic feature distinguishing this type of waves from solitons -nonlinear waves propagating in conservative media with dispersion (as is known, solitons escape interactions undestroyed) [9] .
Recent results of numerical simulations refute the indicated opinion. In several works [10] [11] [12] [13] [14] [15] [16] performed with simplified mathematical models of homogeneous
